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Abstract  This  article  proposes  an  innovative  concept  of  interventional  radiology  for  hemo-
dynamically  unstable  trauma  patients.  Damage  control  interventional  radiology  (DCIR)  is  an
aggressive  and  time-conscious  algorithm  that  prioritizes  saving  life  of  the  hemorrhaging  patient
in extremis  which  conventional  emergency  interventional  radiology  (CEIR)  cannot  efﬁciently
do. Brieﬂy,  DCIR  aims  to  save  life  while  CEIR  aims  to  control  bleeding  with  a  constant  concern
to time-awareness.  This  article  also  presents  the  concept  of  ‘‘Prompt  and  Rapid  Endovascu-
lar Strategies  in  Traumatic  Occasions’’  (PRESTO)  that  entirely  oversees  and  manages  trauma
patients from  arrival  to  the  trauma  bay  until  initial  completion  of  hemostasis  with  endovas-
cular techniques.  PRESTO’s  ‘‘Start  soon  and  ﬁnish  sooner’’  relies  on  the  earlier  activation  of
interventional  radiology  team  but  also  emphasizes  on  a  rapid  completion  of  hemostasis  in  which
DCIR has  been  speciﬁcally  tailored.  Both  DCIR  and  PRESTO  expand  the  role  of  IR  and  represent
a paradigm  shift  in  the  realm  of  trauma  care.© 2015  Éditions  franc¸aises  de  radiologie.  Published  by  Elsevier  Masson  SAS.  All  rights  reserved.∗ Corresponding author. Departments of Emergency and Critical Care
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The  improvement  of  the  acute  trauma  care  workﬂow  and
he  preponderant  role  of  radiology/interventional  radiology
n  the  management  of  severely  injured  patients  is  a  matter
f  continual  development.  Appropriate  therapy  within  an
our  after  acute  trauma  signiﬁcantly  increases  the  patient’s
hance  for  survival.  Therefore,  diagnostic  evaluation  and
herapeutic  procedures  are  always  a  team  effort  which
ust  be  well  coordinated  and  performed  by  a  trained  mul-
idisciplinary  team.  The  availability  of  diagnostic  imaging
odalities  in  the  early  diagnostic  workup  as  well  as  interven-
ional  radiology  procedures  for  hemodynamically  unstable
HU)  patients  is  still  to  this  day  strongly  contra-indicated
1].  However,  those  radiological  tools  and  procedures  when
ppropriately  tailored  according  to  a  speciﬁcally  damage
ontrol  interventional  radiology  (DCIR)  algorithm,  can  suc-
essfully  manage  HU  patients  and  increase  survival  rates.
e  set  out  to  propose  the  ‘‘Prompt  and  Rapid  Endovas-
ular  Strategies  in  Trauma  Occasions’’  (PRESTO)  which  is
n  extremely  time-conscious  algorithm  that  addresses  and
anages  the  acute  exsanguinating  trauma  patient  from  the
oment  of  arrival  to  the  trauma  bay  until  initial  completion
f  hemostasis.  PRESTO  with  DCIR  substantially  expands  the
ole  of  radiology  and  IR  and  represent  a  paradigm  shift  in
he  realm  of  radiology  in  acute  trauma  care.
ime-conscious protocol for
emodynamically unstable patients
emodynamically  unstable  trauma  patient  with  ongoing
emorrhage  is  a  constant  challenge  to  any  trauma  team.
uring  this  time  interval,  the  imaging,  diagnostic  and  treat-
ent  decisions  crucially  inﬂuence  patients’  survival  and
ust  be  initiated  and  completed  within  the  briefest  delay.
learly,  if  left  unabated,  hemodynamic  instability  increases
he  probability  of  death  by  1%  for  every  3  min  [2]  or  increases
he  risk  of  mortality  by  nearly  47%  for  every  hour  delay  [3].
Radiology  imaging  and  techniques  such  as  Computed
omography  (CT)  scanning  and  transcatheter  arterial
mbolization  (TAE)  are  now  widely  accepted  tools  that  are
vailable  in  most  trauma  center.  Although  CT  scanning  as
ell  as  TAE  are  safe  and  effective  methods  capable  of
t
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igure 1. Conventional emergency IR versus PRESTO. PRESTO time-con
cheme that offers any opportunity for time improvement. Activating th
o the trauma center is capital in saving substantial amount of time.J.  Matsumoto  et  al.
on-invasively  identifying,  diagnosing  and  controlling  ongo-
ng  bleeding  in  various  intricate  bodily  regions  [4—7],  its
se  for  HU  patients  still  remains  controversial.  However,
ntegrating  CT  scanning  and  TAE  within  a  clearly  designed
tandardized  algorithm  will  successfully  address  this  partic-
lar  patient  population  and  lead  to  a  more  rapid  diagnosis
nd  successful  hemostasis.
PRESTO  is  characterized  by  a  trauma-speciﬁc,  time-
igorous  workﬂow  that  can  deliver  prompt  and  effective
iagnosis  and  treatment  to  severe  exsanguinating  injuries
Fig.  1).  The  PRESTO  protocol  is  activated  from  the  ear-
iest  stages  of  injury  (before  the  patient’s  arrival  to
rauma  bay)  until  completion  of  hemostasis  and  restoration
f  hemodynamics.  It  also  requires  teamwork,  a  collabo-
ative  decision-making  process  and  speciﬁcally  designed  key
aneuvers  involved  in  the  damage  control  procedures  for
ctively  bleeding  trauma  patients.  The  PRESTO  protocol  is
ased  on  the  ‘‘Start  soon  and  ﬁnish  sooner’’  motto  which
ssentially  consists  of  three  stages  that  are  respectively  the:
primary  survey;
CT  Pan-scan;
damage  control  interventional  radiology  (DCIR)  that  must
each  be  completed  within  a  strictly  determined  allocated
amount  of  time  (Table  1).
RESTO protocol
uring  the  ﬁrst  phase,  contrarily  to  conventional  protocols,
t  our  institution,  the  entire  in-house  24/7  year-round  avail-
ble  trauma  radiology  team  is  activated  and  on  standby
rior  to  the  patient’s  arrival  to  the  trauma  center.  Soon
fter  the  patient’s  admission,  while  the  primary  survey  is
eing  conducted,  a  femoral  arterial  sheath  will  be  rapidly
laced  before  groin  swelling  occurs.  This  provides  a  readily
vailable  access  route  for  resuscitative  endovascular  balloon
cclusion  of  the  aorta  (REBOA)  [8]  that  will  maintain  normal
ressure  and  provide  additional  time  for  the  trauma  team
o  consult  further  or  transfer  the  patient  to  the  operating
oom.  The  sheath  will  also  be  a  route  for  embolization,  arte-
ial  pressure  monitoring,  as  well  as  transfusion  lines.  Finally,
nticipating  2  to  3  steps  ahead  of  each  and  every  maneuver
scious guidelines effectively targets every step of the management
e IR trauma team and be on standby prior to the patient’s arrival
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Table  1  PRESTO:  prompt  and  rapid  endovascular  strategies  in  trauma  occasions.
Arrival Primary  survey  Trauma  IR  tea  activated  prior  to  patient  arrival
Arterial  sheath  placement  during  primary  survey
Preparation  for  transportation
Transportation Speciﬁcally  designed  device  may  be  useful
CT  scanning,  diagnosis  and  decision  making  Tailored  protocol  for  unstable  patients
CT  room  entry  and  exit:  <  10  min
Focused  assessment  with  CT  in  trauma:  <  3  min
Direct  transportation  from  CT  to  angiography  room
Transportation  Speciﬁcally  designed  device  may  be  useful
Hemostasis  Angio-embolization  Damage  control  interventional  radiology  (DCIR)
Saving  life  is  primary  concern
Allow  wide  range  embolization
Consider  NBCA  as  embolic  agent
Consider  temporary  balloon  occlusion
Be  ﬂexible  to  alternative  method
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1throughout  all  PRESTO  will  allow  to  save  precious  time
and  therefore  during  the  primary  survey,  preparations  for
patient  transfer  to  the  CT  scan  should  be  anticipated  and
ready.
Secondly,  the  patient  will  rapidly  be  transferred  to  the
CT  scanner.  Although  CT  scanning  is  contra-indicated  for
HU  patients  [1],  recent  technological  advances  have  largely
modiﬁed  the  use  of  CT  in  the  management  of  severe  trauma
patients  and  thanks  to  the  reduced  acquisition  time  and
improved  quality  of  imaging  data,  CT  scan  usage  in  the  early
evaluation  of  trauma  patients  has  substantially  increased
[9].  However,  state-of-the-art  technology  alone  will  not
reduce  procedural  time  but  rather  the  combination  of  a
trained  coordinated  team  with  a  speciﬁcally  designed  work-
ﬂow  under  a  precise  concept  can  only  yield  successful
results.
In  PRESTO,  while  the  patient  is  on  the  CT  scan,  a  spe-
ciﬁc  focused  assessment  with  CT  for  trauma  (FACT)  will
be  performed.  FACT  is  a  reading  method  that  allows  rapid
evaluation  of  pan-CT  images  and  consists  of  a  head,  chest,
abdomen  and  pelvis  scan  sequence  that  will  identify  or
exclude  preselected  severe  injuries  within  3  minutes.  The
time  from  entry  to  exit  of  the  CT  scan  should  not  exceed
10  minutes  and  during  that  limited  period  of  time,  a mul-
tidisciplinary  panel  of  trauma  radiologists,  interventional
radiologists,  physicians  and  surgeons  will  evaluate  the  imag-
ing  data,  provide  a  consented  diagnosis  and  will  decide  on
the  most  adequate  management.  At  a  moment  when  time
is  of  the  essence,  such  crucial  time-saving  maneuvers  may
mean  life  or  death.  However,  it  is  worth  mentioning  that
CT  evaluation  varies  on  a  case-by-case  basis  and  depending
on  the  patient’s  condition,  transfer  to  the  CT  scan  from  the
primary  survey  may  be  skipped  altogether  and  the  patient
directly  transported  to  the  operating  room  or  angiography
suite.Interventional radiology in PRESTO
In  the  third  phase  of  PRESTO  protocol,  interventional  radiol-
ogy  within  a  strict  set  of  guidelines  may  become  more  than
i
c
i
TProcedure  with  COA  triad
Create  OR/ICU-like  environment
he  usual  adjunct  to  surgery  [4]  but  rather  be  the  better  and
rimary  treatment  option  when  dealing  with  severe  ongoing
leeding.  The  implementation  of  interventional  radiology
nder  a  damage  control  strategy  requires  a  renewed  and
resh  mindset  whereby  time-consciousness  and  preserving
ife  should  be  the  sole  and  foremost  concerns  to  all  the
rauma  staff.
The  term  ‘‘damage  control’’  originates  from  the  United
tates  Navy  and  refers  to  the  ability  of  a  ship  to  absorb  dam-
ge  and  receive  sufﬁcient  repair  to  allow  it  to  return  to  port
or  complete  repair  [10]. While  the  concept  of  ‘‘damage
ontrol  surgery’’  was  ﬁrst  developed  in  the  early  1980s  in
n  attempt  to  reduce  mortality  in  exsanguinating  patients
ith  coagulopathy  [11].  It  is  a  multi-step  strategy  that  aims
o  restore  normal  physiology  over  restoring  normal  anatomy
n  HU  patients.  The  method  consists  of  controlling  but  not
eﬁnitively  repairing  the  injury.  Deﬁnitive  surgery  would
nly  occur  once  all  physiological  parameters  were  corrected
nd  normalized  [12].
Damage  control  interventional  radiology  is  the  further
xpansion  of  TAE  into  the  trauma  scene.  It  focuses  on  HU
ubjects  while  conventional  emergency  interventional  radi-
logy  (CEIR)  focuses  on  hemodynamically  stable  patients  and
herefore  both  groups  require  distinct  approaches,  methods
nd  strategies.  DCIR’s  main  concern  is  to  control  hemorrhage
y  any  mean  possible  in  order  to  save  life  in  an  extremely
ime-conscious,  aggressive  and  minimally-invasive  manner.
CIR  is  assigned  and  implemented  to  any  patient  with  either:
SBP  <  80  mmHg  or;
SBP  <  90  mmHg  and  more  than  one  of  the  following:
◦ 3 or  more  active  life  threatening  bleeding  sources
and/or,
◦ any  evidence  or  suspicion  of  coagulopathy.
All  procedures  from  catheterization  to  the  ﬁnal  visual
onﬁrmation  of  embolization  are  to  be  completed  within  a
0-minute  window  for  each  targeted  vessel.  The  goal  of  DCIR
s  not  to  perform  a  perfect  distal  embolization  but  rather
ontain  the  ongoing  hemorrhage  in  the  fastest  way  possible
n  order  to  maintain  or  re-establish  normal  hemodynamics.
his  explains  why  in  such  case,  diagnostic  angiography  may
6 J.  Matsumoto  et  al.
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Figure 2. Conductor-Operator-Assistant (COA) Triad. COA triad:
The conductor in consultation with the trauma surgeon orches-
trate and guide the operator during the procedure. This eliminates
the operator’s decision-making time as well as the time-consuming
maneuvers while performing catheterization. This will optimize the
procedural efﬁciency while minimizing human error at a time of
haste. The assistant anticipates subsequent maneuvers of the oper-
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e  skipped  when  the  sites  of  bleeding  are  already  known
ither  from  anatomy,  CT  or  surgery.  Aggressive  non-selective
mbolization  (NSE)  is  favored  for  unstable  patients  despite
he  risk  of  forfeiting  viable  organs  which  is  secondary  when
very  second  matter.
Additionally,  the  choice  of  embolic  agent  is  crucial  and
n  comparison  to  metallic  coils,  gelatin  sponge  particles  and
ther  agents,  N-butyl-Cyanoacrylate  (NBCA)  [13]  appears  to
e  the  most  adequate  in  DCIR  critical  trauma.  Clearly,  NBCA
equires  some  training  and  experience  in  order  to  safely  con-
rol  however  it  is  affordable,  polymerizes  within  seconds  and
oes  not  depend  on  the  coagulation  cascade  which  is  capital
hen  dealing  with  coagulopathic  subjects.  Moreover,  NBCA
an  not  only  penetrate  but  also  easily  disperse  within  intri-
ate  vascular  territories  and  permanently  occlude  distant
leeding  sites  [14].  Unlike  metallic  coil  and  gelatin  sponge
articles  which  are  the  mainstay  agents  utilized  in  CEIR,
BCA  permanently  occludes  vessels  and  is  less  likely  to  re-
analize,  hence  making  it  the  ideal  embolic  agent  in  a  DCIR
ituation.
Another  issue  of  interest  is  that  DCIR  is  not  and  must
ot  be  considered  as  the  main  and  sole  treatment  method,
herefore  exercising  a  certain  degree  of  mental  astute-
ess  as  well  as  ﬂexibility  is  another  prerequisite  to  DCIR.
ndeed  during  time  constraint,  we  advocate  the  liberal  use  of
atheters  and  have  the  preparedness  to  abandon  any  time-
onsuming  procedure  in  favor  to  another  for  the  sake  of
atient  survival.  For  instance,  placing  a  temporary  balloon
atheter  will  maintain  sufﬁcient  blood  ﬂow  and  pressure
hereby  providing  the  physician  sufﬁcient  time  to  assess
nd  consult  with  other  specialists  whether  to  continue  the
R  procedure  or  transport  the  patient  to  surgery.  During
CIR  procedure,  the  operator  is  expected  to  re-assess  each
aneuver  every  5  minutes.  Failing  or  time-consuming  pro-
edures  (>  5  minutes)  should  be  discontinued  and  replaced
y  alternative  procedures.  We  also  recommend  to  re-create
n  ICU/OR-like  environment  within  the  angiography  room  in
rder  to  manage  and  provide  close  continuous  monitoring  to
he  patient  which  will  enable  less  invasive  IR  procedures.
Finally,  in  order  to  ensure  quality,  rapidity  and  safety  to
ach  procedure,  alike  surgery,  DCIR  is  a  concerted  teamwork
ffort  that  requires  at  least  3  IR  personnel  in  the  form  of  a
m
t
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igure 3. Virtual angiographic trace-out. A speciﬁc workstation will p
atheter course for each site of extravasation. This virtual angiographi
easibly be achieved while the patient is still on the scanning table or 
eft renal injury indicating extravasation (arrows); b: Reproduced virtu
ranching patterns of the left renal artery leading to each site of extravtor by preparing the appropriate device (guidewire, microcatheter,
tc.) and embolization material in a timely fashion.
onductor-Operator-Assistant  (COA)  triad  (Fig.  2).  Our  insti-
ution  utilizes  a  speciﬁc  workstation  that  processes  the  CT
ata  and  creates  a  virtual  angiographic  image  with  a  clear
atheter  route  trace-out  that  will  rapidly  guide  towards  the
leeding  site  and  enable  a faster  and  safer  procedure  with
ore  conﬁdence  (Fig.  3).
We  recommend  that  every  trauma  team  hold  periodical
RESTO-DCIR  training  drills  in  order  to  update,  maintain  and
otivate  the  personnel  so  that  to  increase  awareness  of
ime-conscious  urgent  care.  The  creation  of  a  hybrid  trauma
ay  containing  an  angiography  suite/operating  room  with  an
ntegrated  CT  scan  is  the  future  trend  amenable  to  better
rocess the CT volume data and trace a virtual angiographic image
c catheter trace-out can be attained within 5 minutes or less and
before arrival to the angiography suite. a: Angiography exhibiting
al angiographic image that provides a trace-out with clear vessel
asation hence providing a safe route to the operator.
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[Damage  control  interventional  radiology:  A  new  paradigm  
DCIR  treatment.  All  procedures  could  then  be  undertaken  in
one  same  location  and  would  dispense  from  time-consuming
patient  transportation.  However  most  importantly,  a  time
rigorous  and  speciﬁcally  designed  protocol  for  HU  patients
is  a  matter  of  the  utmost  importance  in  order  to  successfully
control  time  and  consequently  increase  survival  rates.
Conclusion
In  conclusion,  when  confronted  with  HU  patients,  time  is  of
the  essence.  PRESTO  is  speciﬁcally  designed  for  such  patient
population  and  effectively  targets  any  step  of  the  manage-
ment  scheme  that  may  offer  any  opportunity  for  time-delay
improvement.  In  this  way,  by  implementing  IR  within  a  cus-
tomized  algorithm  such  as  PRESTO  will  bring  about  DCIR
as  an  effective  alternative  or  partner  to  surgery.  However,
implementing  IR  without  PRESTO  would  be  simply  institut-
ing  conventional  interventional  radiology  as  an  adjunct  to
surgery.
This  expansion  of  IR  within  trauma  care  may  be  consid-
ered  a  potential  option  and/or  associate  to  surgery.  DCIR
and  PRESTO  represent  a  signiﬁcant  paradigm  shift  in  the
application  of  IR  to  severe  trauma  patient  population.
Take-home  messages
Extreme  time-consciousness  is  primordial  when
implementing  radiology  in  hemodynamically  unstable
patients.
The  PRESTO  protocol  is  initiated  from  the  time  of
patient  arrival  to  the  ER  until  completion  of  primary
hemostasis.
Damage  Control  Interventional  Radiology  (DCIR)  is
designed  to  maintain  the  patient  alive  in  a  very  time-
restrained  workﬂow.  Organ  may  be  sacriﬁced  as  life
matters  most.
In  severe  trauma  patients,  the  PRESTO/DCIR
algorithm  provides  a  new  platform  where  radiology
goes  beyond  its  traditional  role  as  an  adjunct  to
surgery  but  becomes  an  equally  important  alternative
or  partner  to  surgery.
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